MeV. The theoretical models can reasonably reproduce the general pattern of the data, thus allowing us to extract important parameters from elastic scattering processes. Deviations of some reproduced results from experimental data may be attributed to weak absorption. It is found that interpretation of the diffraction features of the data is model-independent. The values of extracted parameters, from both models, are found comparable to each other and to those of others. The correlation between the total reaction cross-section and the incident laboratory energy for each scattering is discernible and comparable with those of others.
Introduction
The elastic scattering of heavy nuclei is not a simple process because it occurs in the presence of many open reaction channels. The full understanding of elastic scattering may be considered as a prerequisite for available description of other nonelastic reactions of the heavy-ion interaction. In view of the diffraction phenomena which were known long time ago in nuclear and particle scatterings, the elastic scattering can be regarded as the shadow of a large number of nonelastic processes. It was noted that [1] [2] [3] [4] [5] [6] well-known features in the angular distributions of the scattering of complex nuclei closely resemble the characteristics of Fresnel diffraction in optics. It was also shown that such "Fresnel effects" are associated with the Coulomb interaction. In several nuclear scattering cases, the incident particle is strongly absorbed upon entering the target nucleus. One of the main advantages of elastic scattering in the presence of strong absorption is that the experimental data can be described without any knowledge about the details of the absorption mechanism. The partial wave expansion gives us the amplitude of the scattered wave in the asymptotic region far away from the scattering potential. The scattering matrix elements which represent the accumulative effect of the scattering potential on the incident wave provide a very effective way of comparing theories of elastic scattering with experiment, as these elements are directly related to the measurable cross-sections, on one hand, and to the asymptotic form of the scattering function on the other. The scattering matrix elements may be related to some important physical quantities like interaction radius, surface diffuseness, etc. The knowledge of interaction radii, critical angular momenta, surface diffusenesses, and more detailed features of the effective ion-ion potential are needed as input for the theoretical description of quasielastic reactions. The equivalents of the interaction radii and the surface diffusenesses in angular momentum space are the grazing angular momenta and the angular momentum window width. The first parameter affects the number of oscillations in the angular distribution and the second has an effect on the fall-off of the envelope of oscillations of angular distribution. Such effects may be described by a function which is defined by the Fourier transform of an absorptive shape function. In the presence of strong absorption, several theoretical investigations were based on numerical and analytical treatments of the partial wave expansion model for elastic scattering. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Most of these investigations showed clearly how sensitive the scattering data for strongly absorbed particles are to the detailed form of the scattering matrix around the grazing angular momentum. Some of these investigations used the extracted parameters of the elastic scatterings for the entrance and exit channels of transfer reactions. [10] [11] [12] Other investigations demonstrated a wide scope of the use of the strong absorption model in explaining the elastic scattering of heavy ions. 13 However, the use of diffraction model was also extended to low energy heavy-ion elastic scattering.
14
The double folding cluster model was used to analyze several elastic scattering data. 15 In this model an alpha-alpha effective interaction was folded over the alphacluster distribution densities of both the projectile and target ions. The formulated real potentials were required to be renormalized by an energy-dependent reduction factor in order to fit the data. The parameters of Woods-Saxon-type imaginary potential were also used to fit the data of elastic scattering for different elastic scatterings at different energies.
The elastic scattering 12 C + 12 C measured at E c.m. = 14.6-31.3 MeV were analyzed using both phase shift analysis and sum-of-differences method. The latter Absorption Analysis of Elastic Scattering Reactions 2201 method was used to directly extract the total reaction cross-section. 16 In another model, a complex molecular optical potential was used to reproduce both excitation function and angular distribution of elastic scattering. The real part of such potential has a short-range repulsion. This short-range repulsion was found necessary to conduct successful analysis to both high-and low-energy data of elastic scattering. 17 The angular distributions of the 12 C + 12 C elastic scattering at laboratory energies 70.7, 74.25, 78.85, 83.3, 102.1, and 112 MeV were reproduced using the same parameters employed for the calculation of excitation function. The parameters of the real part of the molecular potential were obtained from scaling the potential used for the 16 The results of angular distribution obtained for these scattering processes from both models are also compared with those obtained for the same scattering processes using double folding cluster model (DFC). 15 Another comparison is also made for the results of 12 C+ 12 C to those of other models. 16, 17 The adopted strong absorption models are used to explain the presence of semi-classical phenomena such as Fresnel and Fraunhofer diffraction patterns in the angular distribution of elastic scattering reactions. These models also allow us to extract information about the geometrical structure of the colliding nuclei. The scattering of most heavy ions at energies above the Coulomb barrier, by complex nuclei, is predominantly of Fresnel-type and retain this character up to very high energies. Only for lighter ions some Fraunhofer characteristics become significant. For some cases of elastic scattering, the projectile is chosen to be fixed while the target is changed (like 16 16 O) is also considered. Here, the objective is to study the characteristics of Fresnel diffraction patterns exhibited by elastic cross-sections of heavy ions at the range of energies above the Coulomb barrier. Furthermore, some of such systems which are expected to exhibit refractive effects and some Fraunhofer oscillations at the chosen range of energies are also investigated.
The quality of the fits and correlation between the parameters extracted from analyses of both McIntyre and Frahn-Venter models are demonstrated. The values of the grazing angular momenta and the angular momentum window width are extracted and then used in calculating the total reaction cross-section for each scattering at a given incident energy.
Theoretical Background

McIntyre model
The nuclear scattering amplitude, which represents an important ingredient in the scattering amplitude of partial wave analysis of heavy ion elastic scattering, has the expression:
Here, σ , P (cos θ) and k are Coulomb phase shifts, Legendre polynomials and wave number, respectively. The nuclear scattering matrix element S ,N is a product of attenuation coefficient (also called reflection function) η (which is real) and e 2iδ ,N , where δ ,N is the real part of the phase shifts due to elastic scattering. Moreover, the concept of nuclear phase shifts δ ,N is introduced into the partial wave to account for the effect of nuclear potential in the nuclear scattering. However, η may have a smooth transition, in -space, when the partial wave changes from zero for small to unity for large around grazing angular momentum value g and over a range of ∆ M . The ansatz for modified reflection coefficient function is given by the parametrized form 7, 8 :
The real part of the phase shifts δ ,N is parametrized as follows 7, 8, 10 :
The real part of the phase shifts δ ,N increases when the partial wave decreases and vanishes when becomes large enough such that it does not approach the target nucleus. Five adjustable parameters g , ∆ M , g , ∆ M , and µ M appear in Eqs. (2) and (3). Here, g and g are grazing angular momenta in -space which are semiclassically related to the interaction radius of the colliding nuclei in real space. The diffusivity parameters ∆ M and ∆ M measure the width of transition region in momentum space. The parameter µ M is necessary to introduce the strength of the nuclear phase shift and cause to affect the amplitude of oscillations of angular distribution. It may also have an effect on steepening the average slope of the envelope of angular distribution.
The five adjustable parameters in this model can be reduced to three parameters when the assumption is made that g = g and ∆ M = ∆ M .
The semiclassical relation between grazing angular momentum g and the interaction radius R can be expressed by:
The 1/2 term can be dropped for g 1, which is usually fulfilled in heavy-ion scattering above Coulomb barrier.
Absorption Analysis of Elastic Scattering Reactions 2203
The expression for the parameter ∆ M can be written as
This indicates that particles moving along classical orbits and penetrating the diffuse surface region of nuclear density will be only partially absorbed. Here, n is the Sommerfeld parameter. The corresponding diffusivity parameter to ∆ M in real space is d. The interaction radius R is defined by:
The quantities A P and A T are the atomic masses of projectile and target nuclei, respectively, while r 0 is an adjustable parameter.
Frahn and Venter model (FVM)
In the closed formalism treatment of Frahn and Venter, the smooth variation of η and δ , introduced by McIntyre, 7, 8 was represented by a differentiable function of the continuous variable λ = + 1 2 , and the summation over in the partial wave expansion was replaced by an integration over λ. In other words, the diffraction arising from the smoothed edge of the reflection function S near the grazing angular momentum g was replaced by the scattering function S(λ) near the grazing value of λ (i.e., Λ = g + 1 2 ) which is written in the form 1,2 :
where
Here the nuclear scattering function S N (λ) is defined in terms of the continuous angular momentum variable λ. η(λ) is the reflection coefficient function which changes rapidly from zero to unity over the transition region centered around the grazing angular momentum Λ, and δ N (λ) is the nuclear phase shift function. The scattering amplitude, f (θ), as given by the closed formalism 1-3 results, is composed of two components, namely,
consists of the Rutherford scattering amplitude f R (θ) plus a nuclear amplitude part which depends on the Fourier transform of the absorptive shape function
dλ . In particular, the nuclear scattering amplitude depends on the function F [(∆(θ R − θ)], namely:
Here, θ R [ = 2 tan −1 ( n λ )] is the Rutherford grazing angle at which the elastic scattering cross-section drops to one-fourth of its Rutherford value.
The component f − (θ) consists of a nuclear part only and depends also on the Fourier transform of the absorptive shape function D N (λ) with variable θ − θ R instead of θ R −θ. In this manner the closed formalism formally divides the scattering angles into two main regions. The first is an illuminated region, θ < θ R , where the main contribution is from Rutherford scattering. The second is a shadow region, θ > θ R , which corresponds to absorbed Coulomb trajectories. The Fourier transforms of D N (λ), which is localized in the λ-space around Λ, transform this function into the conjugate space of scattering angles ±(θ R − θ) centered around +θ R and −θ R , respectively. However, these transforms represent two diffracted waves, one centered around the near-side grazing trajectory θ = +θ R and the other around the far side trajectory θ = −θ R . The diffraction is generated, therefore, by two effective windows in the λ-space, one on each side of the nucleus.
The scattering in the illuminated region is essentially produced by Coulomb trajectories on which interference from near-side nuclear diffraction is superimposed. However, the main contribution, for angles in the shadow region, arises from the near-side nuclear diffraction whose amplitude falls off as θ increases above θ R . Interference with far-side nuclear diffraction will produce Fraunhofer-type oscillations. These oscillations are damped by the presence of residual Coulomb scattering in the shadow region which, in turn, depends on the diffusivity ∆. On the other hand, Fraunhofer diffraction can be enhanced by an increase of the refractive effects of the attractive nuclear potential near the surface. In classical terms, the attractive nuclear potential reduces the effect of Coulomb repulsion and brings the Coulomb trajectories in the grazing region toward the forward direction. This, in turn, increases the overlap between the two diffracted waves, thus enhancing the Fraunhofer oscillations.
Here, the Woods-Saxon-type of reflection coefficient (i.e., η(λ)
The assumption is made such that three adjustable parameters are found important, that is, Λ, ∆, and µ. The interaction radius and the diffusivity are given, here, by 1, 14 :
The above-mentioned features of heavy-ion collisions result in characteristic qualitative features, which are observed in measured angular distributions of elastic scattering.
The type of diffraction pattern from a target nucleus with effective radius R is characterized, as in classical optics, by a parameter p which is defined as the ratio of the Rayleigh length (i.e., the length of the shadow behind the target) and the shorter of the distances of the observation point or of the source point from the centre of the target. In our case, the analogy of this "pattern parameter" is p = 2n 1+(n/Λ) 2 , where its value is determined by Sommerfeld parameter n and the grazing angular momentum parameter Λ. For p 1 the diffractive Fraunhofertype dominates the angular distribution of elastic scattering and for p > 1 the Fresnel-type scattering is dominant.
The ratio, h, of the center of mass kinetic energy E c.m. to the Coulomb barrier V C , is expressed as:
A simple classification to all scattering processes of charged particles above the Coulomb barrier 4 may be realized by knowing both Coulomb parameter n and the ratio h.
The total reaction cross-section from the generalized Fresnel model (GFM) is given by 6 :
The corresponding relation from the simple Fresnel model (FM) is expressed as 6 :
Results and Discussion
Our FORTRAN codes are used to calculate the cross-sections of a set of elastic scattering reactions at different angles and energies using both Frahn and Venter model and the numerical model of McIntyre. The best fit to the experimental data of angular distribution of elastic scattering is obtained and the final choice of extracted parameters is considered when the value of χ 2 is minimal for each energy. The average value of 10% of the experimental data is considered for each experimental error at certain energy of an elastic scattering. However, each of the adjustable parameters (Λ, ∆, and µ) for Frahn and Venter model, or (r 0 , d, and µ) for the McIntyre model is introduced with an initial value and is changed in very small steps. The FORTRAN codes are developed to allow for all possible combination of parameters that give fits to the experimental data. The iterations establish a set of values for the adjustable parameters and the final choice is made with the best fit when the quality of fit is judged by χ 2 indicator. 16 O + 28 Si Figure 1 shows the angular distribution of the elastic scattering 16 O + 28 Si at three laboratory energies 72.0, 141.5, and 215.0 MeV. 15 The calculated results of angular distrubution, due to both three-adjustable-parameter models, are also shown. The reproduced cross-sections from both analyses are fairly compared with experimental data for the whole range of angles when the incident energy is 72 MeV. Some deviations from expereimantal data start to appear, for θ > 30
Elastic scattering of
• , at higher energies. Moreover, the agreement in the results of angular distribution, obtained from Frahn-Venter model, with experimental data is better than that from McIntyre model for the laboratory energies 141.5 and 215.0 MeV. However, the results of calculated cross-sections, from both analyses, are compared fairly well to the theoretical results of double folding cluster (DFC) model using five adjustable parameters.
15 Table 1 3.4) . However, the value of the parameter µ M , from McIntyre analysis, for this scattering process at the same energy, is found larger than that found for 12 C + 28 Si scattering at 70 MeV, as far as the relation µ M ≈ µ/2∆ is concerned. The latter relation starts to hold when center of mass kinetic energy becomes almost six times the Coulomb barrier.
Both experimental data and theoretical results show that the Fraunhofer oscillations at θ > θ R start to increase as the energy increases in this scattering. This indicates that the effect of nuclear interaction starts to become more dominant. The logarithmic slopes of the envelopes of experimental data of angular distribution give values of ∆ = 1.67, 2.98, and 3.75 at laboratory energies 72.0, 141.5, and 215.0 MeV, respectively. These values can be compared with those obtained from our analysis using FVM and they have much better agreement with the values ∆ = 1.66, 2.67, and 3.45 obtained from McIntyre analysis. These results are consistent with the prescription of strong absorption model (SAM). The trend of decrease in Θ Nucl. with the increase in incident energy is as expected. 15 It can be seen that the calculated cross-sections compare fairly well with the experimental data at 145 MeV laboratory energy, especially at θ < 45
• but differences between the two results widen at larger angles. The adopted models also give the description for the correct number of oscillations that corresponds to experimental data at laboratory energy 350 MeV, especially at θ < 45 but the amplitudes of oscillations are exaggerated. However, the theoretical fit is not consistent with the experimental data at θ > 45
• . The high values of χ 2 reflect the deviation of theoretical results from experimental data. Previous studies using the optical model 18 and double folding cluster (DFC) model 15 were not able to give successful predictions to the data, as well. The reason for all these unsuccessful fittings may be attributed either to inappropriate choice of the Wood-Saxon form that represents the imaginary part of used optical potential or incorrect choice of parameters that account for the DFC model. Another possible source of error may be due to the depletion of measured cross-sections to other open channels. In this analysis, unsuccessful fittings could be attributed to weak absorption or contamination of the elastic scattering data by nonelastic events. Here, the oscillations in the experimental data indicate that the effect of nuclear interactions is more dominant than the Coulomb interaction since the two interacting nuclei are light. It can also be seen that the Fresnel-type pattern of diffraction contains, at θ > θ R , deeper oscillations at 145 MeV laboratory energy than that at 350 MeV. The best fitting to the experimental data has been reached using the parameters listed in Table 1 . It is interesting to note that the 145 MeV case for this scattering exhibits angular distribution with shallower fall-off and deeper oscillatory structure than the case of 141.5 MeV for the 16 O + 28 Si system. Here, the change in target nucleus gives an incredible change in total cross-section when incident energy is almost comparable. Furthermore, the increase in the mass of target nucleus, when incident energy almost fixed, leads to pronounced Coulomb damping of Fraunhofer oscillations. It is also worth noting that the total reaction cross-sections calculated and listed in Table 1 , from both the Fresnel model (FM) and the generalized Fresnel model (GFM) are energy-dependent.
16 O + 12 C Figure 3 shows the experimental data 15 and theoretical results of the angular distribution of the elastic scattering of 16 O + 12 C at laboratory energies 128 and 168 MeV. Our theoretical results are compared with corresponding ones of DFC model. 15 The reproduced results from McIntyre model are better than those obtained from Frahn-Venter and DFC models at 128 MeV laboratory energy. It is clearly seen that the angular distribution, at both laboratory energies, has a pronounced deep oscillatory structure at θ > θ R . Again, this is expected when both the projectile and target nuclei are light. Here, the Coulomb effect becomes weak and the nuclear interaction is more dominant. It can also be noted that the exponential fall-off in the angular distribution is shallower than that of the scattering 16 O+ 28 Si, for example. This manifests itself in the values of ∆ obtained for these scattering processes. We found that the relation µ M ≈ µ/2∆ becomes correct at 168 MeV incident energy only. The values of adjustable parameters that account for the best theoretical fits to measured angular disribution are found in Table 1 . It seems that the Coulomb effect is not strong enongh to wash out the Fraunhofer-oscillation at θ > θ R . This indicates that the effect of "Coulomb damping" is weaker than that of the previous scattering processes ( 16 Table 2 . It is interesting to note that the theoretical fits to the measured angular distributions obtained using our semiclassical models with three parameters compare fairly well with those obtained using a five-parameter DFC model. 15 The angular distributions exhibit diffraction oscillations in this range of energies which are consistent with angular distributions for the same scattering over a range of energies 19 MeV ≤ E lab. ≤ 48 MeV. 19 A surface transparent Woods-Saxon potential which had energy dependences for both real and imaginary well depths, was found to give good account of the data 19 when the optical model was adopted. The values of interaction radii evaluated from Eq. (11) 16 O + 28 Si shows a mild change in the values of total cross-section. Such differences may be attributed to both of the change in mass of projectile and the difference in incident energy. Both the theoretical results and experimental data of angular distribution exhibit a steeper fall off at θ > θ R when the energy is increased. All values of the total reaction cross-sections obtained from the Fresnel and generalized Fresnel models are in good agreement with those obtained from other analysis, 15 except those at laboratory energies of 24 and 186.4 MeV where the disagreement is very pronounced. The variation in the total cross-section with the inverse of incident energy is plotted, excluding that of 24 MeV laboratory energy, in Fig. 5 . Overall, the trend of increase in σ r with increasing energy is discernible.
12 C + 12 C
The measured experimental angular distribution data of elastic scattering 12 C+ 12 C at different laboratory energies 15 together with the theoretical results are shown in Fig. 6 . The theoretical results of DFC model are also shown. 15 The calculated results show good agreement with the measured data at angles θ < 45
• , but the fittings are not very successful at θ > 45
• . However, the adopted models reproduce correctly the structure of most of measured data but failed to reproduce the size of the oscillations, at θ > 45
• . Comparing our results with those yielded from different analysis, 15 we think that our results using McIntyre model are better than those of FVM and fairly acceptable in this wide range of laboratory energies. Some of the obtained values of χ 2 are large because of failure of model to reproduce the crosssection, especially at θ > 45
• . Both the experimental data and theoretical results of angular distribution exhibit several Fraunhofer oscillations at the whole range of angles, although the global pattern is of Fresnel-type. Again, this is expected since the Coulomb effect is not strong enough to wash out the Fraunhofer-oscillations, especially at θ > θ R . The list of parameters obtained from this analysis is shown in Table 3 . It is clearly seen that the values of Rutherford grazing angle are not consistent with those of the quarter-point angle obtained from the experimental data. This means that the approximation θ R ≈ θ 1/4 is not valid in this range of different laboratory energies of the current scattering process, although θ R is still roughly proportional to E lab. /u as long as these energies are not close to the Coulomb barrier. It is interesting to note that the number of oscillations is the same, at θ < 45
• , for the 16 O + 16 O, 16 O + 12 C and 12 C + 12 C systems at laboratory energies 145, 168, and 158.8 MeV, respectively. The predictions of the total reaction cross-sections σ r calculated from both the Fresnel and generalized Fresnel models are plotted versus the inverse of laboratory energy and shown in Fig. 7 . The change in σ r is monotonic from both latter models. These predicted values of σ r are found acceptable when compared to others obtained by different analysis of the same scattering in the energy range E c.m. = 14.6-31.3 MeV. 16 The values of total cross-section, from phase shift analysis, were found about 850-1050 mb in the latter energy range. However, a drop in values of σ r by about 100-200 mb was found from calculations using the sum-of-differences method. 16 Such deviation was attributed to the loss of contribution to σ r from angles forward of the grazing angle. Moreover, the variations in σ r were related to the dramatic variations with energy in the elastic scattering angular distributions which are, in turn, related to some existing resonances. However, the success of the latter method was related to the conditions of having large Sommerfeld parameter and strong absorption which also meets our adopted models. The general features of angular distribution for the analyzed data are also consistent with those obtained and analyzed by others at laboratory energies 70. 7 energy-independent parameters of the real part of molecular potential for the whole range of energies had been used, the oscillations were reproduced well as compared to those of DFC model. It must be noted that the reproduction of the data using DFC model required an energy-dependent normalization factor for the real part of the derived potential. 15 It is worth comparing the value of interaction radius (R = 6.6 fm) obtained from our analysis to that (R c = 6.2 fm) obtained by the molecular potential model. The low value of the latter may be attributed to the effect of repulsive core in the real part of the potential where their results become more sensitive to the structure of the core when energy increases.
Overall, the three systems of light ions ( 16 O + 16 O, 16 O + 12 C, and 12 C + 12 C) at the chosen ranges of laboratory energies exhibit more oscillatory structures at θ > θ R than other systems at their corresponding ranges of energies in this study. The increase in the values of the parameters Λ or g and ∆ due to the increase in energy for all elastic scatterings found from both Frahn-Venter and McIntyre analyses is very much consistent with the prescription of strong absorption model. Moreover, the values of interaction radius found from both adopted models also exhibit the behavior that is expected from the strong absorption prescriptions. The trend of decrease in R with the increase in energy is also found the same from both analyses with some exceptions. However, the average values of strong absorption radius R and diffusivity parameter d obtained from FVM are comparable to those obtained from McIntyre analysis, apart from a few deviations, as shown in Tables 1-3 . The quarter-point angle θ 1/4 is found approximately equal to θ R in most of the cases of elastic scattering apart from a few exceptions. It is also noted that an increase in the mass of target atomic nucleus at a fixed incident energy may lead to increases in ∆, R, and σ r . The values of (n, h) or (Λ, p) from FVM and corresponding values of (n, h) or ( g , p) from McIntyre model are found to be the same in each elastic scattering at its corresponding laboratory energies. This means that interpretation of the diffraction features is model-independent.
It is not surprising to note that the obtained fits for two identical nuclei (i.e., 16 
O +
16 O, and 12 C + 12 C) are not quite good when using Frahn and Venter model. This is because the sum over , in Eq. (1), is only over even values. Therefore, treating as a continuous variable may not be a good one and may lead to some deviations.
The deviation of the behavior of some cases of elastic scattering from that expected in strong absorption model may be due to the presence of refractive features in this range of energies. This may cause a relatively weak absorption.
Conclusion
The theoretical results of angular distributions from two analyses based on the strong absorption model yield good agreement with experimental data for different elastic scattering reactions at different laboratory energies. The best theoretical fits to elastic scattering data are obtained using three parameters, namely, the grazing angular momenta Λ, the angular momentum window width ∆, and µ, when FrahnVenter model is used or r 0 , d, and µ when McIntyre model is used. Although the numerical model of McIntyre reproduces the data much better than Frahn-Venter model, the latter in its closed-formalism can also account reasonably for the general pattern of such data. The extracted parameters using the Frahn-Venter model can be carefully correlated to the three corresponding parameters in the parametrized scattering matrix elements in McIntyre model, namely, Λ ≈ g + 1 2 , ∆ ≈ ∆ M , and µ M ≈ µ 2∆ . Deviations from this latter crude approximation are found in certain elastic scattering cases and at different energies. The extracted parameters can be easily found and used as input to a parametrized DWBA calculation of a transfer reaction that has an incoming (or outgoing) energy in the entrance (or exit) channel using the diffraction model. It is interesting to note that our theoretical fits compare fairly well with corresponding fits obtained using the DFC model. However, for the 12 C + 12 C system, our fits and those of the DFC model are not as good as those obtained in Ref. 17 using the molecular potential model. Most of the obtained total cross-section results are consistent with those reported by previous studies using DFC, molecular potential and phase shift analysis models. The present analysis also demonstrates that the Fresnel-type scattering dominates the strong Coulomb interaction. It is also noted that the Coulomb damping of Fraunhofer oscillations has an effect accompanied with the increase of mass of target nucleus. Furthermore, the value of interaction radius exhibits a gradual decrease as the energy increases in all elastic scattering processes, as expected from the prescriptions of SAM. By comparing the values of (n, h) or (Λ, p) among all chosen elastic scattering processes at different energies, no "homomorphic" cases are found because none of these processes display identical diffraction patterns. Moreover, no glory or orbiting effect does exist in the structures of angular distribution for these elastic scattering processes at different energies. Unsuccessful fittings could be attributed to incomplete strong absorption in some of elastic scattering cases at certain energies, while the possibility of depletion of measured cross-sections to other open reaction channels still exists in some other cases.
